Background and objective: We previously built a weighted Depressive Health State Index (DHSI) based on 29 parameters routinely collected in an automated healthcare database (AHDB). We now propose a linear DHSI (L-DHSI) which is easier to use and to replicate across AHDBs. Methods: A historical cohort of patients with ≥1 episode of depression was identified in the Clinical Practice Research Datalink (CPRD). The DHSI was calculated for each treated episode of depression. Validation was performed by using validated definitions of remission (proxy and Patient Health Questionnaire 9 or PHQ-9) and comparing the L-DHSI between subgroups. Reliability was assessed using Cronbach's alpha. Results: Between 1 January 2006 and 31 December 2012, 309,279 episodes of depression were identified in the CPRD. Remission was observed in 5% of the patients with lowest L-DHSI scores and in 78% of the patients with highest L-DHSI scores. Although less sensitive than the weighted DHSI, the L-DHSI was reliable and relatively easy of use. The L-DHSI was highly correlated to the weighted DHSI (Spearman coefficient 0.790, p < 0.001). Conclusion: The L-DHSI represents a good balance between reliability, usability, and reproducibility. In addition, the linearity of this index allows for an easier interpretation than the original weighted DHSI.
Introduction
The assessment of the effectiveness of drugs in real-life settings is an essential part of health-related studies. For these studies, the use of automated healthcare databases (AHDB) is increasing and has some advantages including large sample sizes and limited participation biases [1] . Nonetheless, AHDBs often lack detailed clinical data and require the use of proxies that do not always provide sufficient granularity [2, 3] . In studies related to major depressive disorder (MDD), remission status based on prescription patterns is a proxy often used to try to overcome this lack of clinical data. In addition, a major issue of using remission as a real-life effectiveness outcome is its binary characteristics (i.e. remission vs. non-remission) that does not reflect the complexity of the patients' health state in MDD [4] .
To have a more precise estimation of health state of patients with depression using the data contained in AHDBs, a depression health state index (DHSI) was created [5] . A unique index was created by combining all variables available in an AHDB and considered to be related to the health state of patients with depression. Weights were attributed to the selected variables by expert inputs based on the different impact that the variables were thought to have on patient's health state. Parameters and weights were defined and attributed by a group of four experts, and a previous publication has shown that this DHSI is robust to individual parameter modifications and specific of depression severity [6] .
A survey was conducted in 41 general practitioners and 32 psychiatrists in the UK to confirm the initial choice of parameters and weights [7] . Most physicians were in agreement with the relevance of the selected parameters and their polarity (i.e. positive or negative) on the health state of patients with depression (reliability: Cronbach's alpha >0.80). However, poor agreement was observed between the initial weights attributed through expert input and the weights attributed by the physicians in the survey, especially for lowweight parameters.
One of the initial aims of the DHSI was to build a reliable index of the health state of patients with depression and to propose a methodology that would be replicable in any AHDB. In view of the non-negligible amount of work required to build a weighted DHSI and the challenge represented by the attribution of weights to the parameters, we developed an alternative, linear version of the DHSI (L-DHSI) in which parameters would only differ in polarity (i.e. weights of +1 or −1).
We here describe the development and validation of this L-DHSI in the Clinical Practice Research Datalink (CPRD) and we discuss its difference with the original weighted DHSI.
Methods
The detailed methods used to create the DHSI, and initial results and validation have been published previously by the same research group [5, 6] .
Study design
As detailed in the methodological manuscript [5] , the study is based on a historical cohort design using data from the CPRD. The CPRD is a database of anonymized primary care records for patients registered at general practices in the UK. It covers approximately 8% of the UK population and includes information on the prescription of medicines, referral to hospitals or specialists, and diagnoses entered by the general practitioner (GP) using the Read or Oxford Medical Information System codes. This widely used database has been validated for pharmacoepidemiological studies [8] [9] [10] .
Study population
For this study, the same dataset and the same population as for the weighted DHSI was used [5, 6] . Patients with at least one depressive episode during the study period (1 January 2006-31 December 2012) were included.
Patients were selected based on the following inclusion criteria ( Figure 1 ):
• incident prescription of antidepressant (AD) monotherapy during the study period (defined as index date), • no AD prescription within the 6 months prior to index date, • incident diagnosis of depression during the 61 days preceding or following the index date, • patients aged 18 or older at index date, • at least 6 months of available data before index date, • at least 9 months of available data following index date (except for patients with a recorded death during this period).
Exclusion criteria were a lifetime diagnosis of either bipolar disorder or schizophrenia. Each segment of a patient's data meeting the selection criteria was defined as a 'depressive episode', thus several depressive episodes could be observed for each patient included in the study. The end of a depressive episode was the end of an AD prescription without any other AD prescription during the following 182 days, or the end of the patient's follow-up in the database (censoring) whichever came first. Baseline characteristics for each depressive episode were collected between 5 months before and 1 month after the index date (defined as reference period). The events used to derive the parameters included in the DHSI were considered in a time window starting 3 months after index date and up to 9 months after index date (defined as follow-up period) ( Figure 1 ). This time span is usually considered to assess remission for a patient with depression in routine clinical practice [11] . Some parameters were defined relative to baseline characteristics (e.g. dose augmentation).
The study protocol was reviewed and approved by the CPRD review committee (ISAC protocol number: 13_182).
Index date (ID)
Reference period: 5 months before ID to 1 month after ID Follow-up period: 3 months after ID to 9 months after ID Follow-up point: ID +6 months 5 months 1 month 3 months 3 months Figure 1 . Study design (Illustration from [5] ).
The index date was the date of the first prescription of antidepressant for a patient meeting the inclusion and exclusion criteria in the database.
Creation of the linear DHSI
The L-DHSI is a score comprised of the same 29 different parameters (i.e. existing variables or derived from existing variables) as considered for the initial DHSI (Table 1) [5, 6] . These parameters were defined and selected by a group of four clinical and methodological experts among the variables available in the CPRD. Each parameter was classified according to its presupposed positive or negative polarity on the depressive health state of the patient. The occurrence of a positive parameter would lead to the addition of 1 point to the overall score and the occurrence of a negative parameter would lead to the suppression of 1 point to the overall score. All parameters only contributed in direction and no more than 1 point could be accounted for each individual parameter, even if the same parameter had occurred several times (e.g. hospitalization). Absent parameters did not contribute to the score. To make the interpretation of the score easier, the score obtained for the different depressive episodes was translated from the initial [−19;10] range to the final [0-29] range, where 0 was considered the worst health state possible and 29 the best health state possible.
Statistical analyses

Descriptive analyses
The L-DHSI was summarized using mean, standard deviation (SD), minimum, maximum, median and first and third quartiles. It was described overall and across geographic regions of the UK, age groups and gender. A principal component analysis (PCA) to examine the structure of the L-DHSI was also conducted.
Validation of the L-DHSI Validation was performed using two different sets of analyses: i) by describing patients' remission status based on proxies for this outcome according to deciles of the L-DHSI, and ii) by comparing the mean L-DHSI scores of population subgroups known to represent different severities of depression.
i) The proportion of patients in remission per deciles of the L-DHSI was examined using two different definitions for remission: a previously validated proxy based on treatment patterns [3] and a proxy based on the Patient Health Questionnaire 9 (PHQ-9) score when available for a depressive episode [12] .
Remission based on treatment patterns was defined as an AD treatment discontinuation >45 days during a depressive episode. Other clinical outcomes were defined as follows: relapse was defined as an interruption of >45 days of the antidepressant prescriptions and a new prescription of any psychotropic drug <180 days after the last antidepressant prescription. Remission without relapse was an interruption of >45 days of antidepressant prescription with no further psychotropic prescriptions during follow-up period. This definition demonstrated an acceptable level of concordance between remission obtained from the computerized databases and clinical criteria [3] .
Remission according to the PHQ-9 values available in the CPRD, as recorded by GPs, was defined according to PHQ-9 validated cut-off, which classified remission as a PHQ-9 value ≤4 using the last available value during the followup period of a specific depressive episode ( Figure 1 ).
These analyses were purely descriptive and no statistical tests were used.
ii) The second set of validation analyses consisted in the comparison of L-DHSI scores among subgroups expected to differ in terms of depression severity: antipsychotic augmentation (yes/no) during the depressive episode, psychiatric hospitalisation (yes/no) during the depressive episode, any hospitalisation (psychiatric and other) (yes/no) during the depressive episode and remission status according to PHQ-9 (yes/no). Statistical testing for these analyses is described below.
Reliability of the L-DHSI
Reliability of the index was tested using the Cronbach's alpha [13] The Cronbach's alpha was also calculated after removal of one of the parameters from the L-DHSI. The L-DHSI was recalculated after each modification and the item-total correlations were performed.
Correlation between the weighted DHSI and the L-DHSI Spearman correlation was also performed between the original weighed DHSI and the L-DHSI.
Statistical tests
Statistical comparisons were performed using nonparametric tests: the Wilcoxon-Mann-Whitney test for binary variables and the Kruskal-Wallis test for variables with three or more levels. Due to the large number of depressive episodes included in the study, statistical significance could be reached for small, and potentially non-clinically meaningful differences. To take these potential artefacts into account, an effect size was also calculated and considered for interpretation of the results. Effect size for L-DHSI differences between groups was computed as follows: (mean group xmean group y)/SD of mean group y. As we report here the first statistical results for the L-DHSI, the thresholds of clinical relevance are unknown for this index. Therefore, the interpretation of effect size was based on Cohen's conventions: ≤0.2: no Table 1 . Parameters included in the L-DHSI and their relative polarity.
Parameter Definition
Polarity
No antidepressant prescriptions a At least 2 consecutive visits without any prescription for an antidepressant during follow-up period and no ulterior psychiatric prescription during followup.
Positive
No psychiatric co-prescriptions a At least 2 consecutive visits without any prescription for any psychiatric co-prescription during follow-up period and no ulterior psychiatric prescription during follow-up.
Increasing duration between visits to the GP b Duration between to visits to the physician during follow-up period is one standard deviation or more above the duration observed during follow-up period.
Decreasing N of other psychiatric co-prescription b A lower number of distinct molecules of psychiatric drugs (other than hypnotics) during follow-up period when compared to reference period (no threshold).
Disappearance of depression diagnoses a At least one depression diagnostic code during follow-up period but none at last visit(s)
Decreasing N of somatic co-morbidities b A lower number of distinct somatic comorbidities during follow-up period when compared to reference period (no threshold).
Decreasing N of hypnotic co-prescription b A lower number of prescriptions of hypnotic drugs during follow-up period when compared to reference period (no threshold).
Decreasing N of somatic co-prescription b A lower number of prescriptions of somatic drugs during follow-up period when compared to reference period (no threshold). 
Negative
Appearance of a new psychiatric comorbidity a Single incident appearance of a psychiatric comorbidity during follow-up period that is not present at reference period.
Combination (AD co-prescription) a The prescription of a different AD than the initial AD any time between the first day after index date and no later than 31 days before the initial AD has been stopped. New prescription can occur at any time after index date but the concomitance of treatment must be observed during follow-up period Negative Augmentation (AP co-prescription) a The prescription of an antipsychotic or lithium that appears any time between the 1st day after index date and no later than 31 days before any AD treatment has been stopped. New prescription can occur at any time after index date but the concomitance of treatment must be observed during follow-up period.
Relapse/Recurrence type event a Any prescription for any psychiatric treatment during the follow-up period between 45 and 183 days after previous AD stop. The new prescription must occur during follow-up period, but the first AD stop can occur before follow-up period
Decreased duration between visits to the GP b Duration between to visits to the physician during follow-up period is one standard deviation or more below the duration observed during follow-up period.
Dose increase of the initial treatment b
For patients whose AD molecule is not modified between reference and follow-up periods: the mean daily dose of the complete follow-up period is higher than the mean daily dose of the last month of reference period (no threshold)
Negative
Increasing N of somatic co-morbidities b A higher number of distinct somatic comorbidities during follow-up period when compared to reference period (no threshold).
Increasing N of hypnotic co-prescriptions b A higher number of prescriptions of hypnotic drugs during follow-up period when compared to reference period (no threshold).
Increasing N of somatic co-prescriptions b A higher number of prescriptions of somatic drugs during follow-up period when compared to reference period (no threshold).
Hospitalisation for other causes a Single incident recorded non psychiatric hospitalisation of the patient during follow-up period effect; between >0.2 and ≤0.5: small effect size; between >0.5 and ≤0.8: moderate effect size; >0.8: large effect size [14] . All statistical analyses were performed using the R-software.
Results
Description of the L-DHSI
A total of 309,279 episodes of depression (273,346 patients) were identified in the CPRD from 1 January 2006 to 31 December 2012. The mean ± SD L-DHSI score was 20.3 ± 2.2 ( Table 2 ). Over a theoretical range of 0-29, minimum was 10, first quartile was 19, median was 21, third quartile was 22 and maximum was 28. The distribution of L-DHSI scores were close to a normal distribution ( Figure 2 ). The mean L-DHSI scores slightly decreased across age groups and ranged from 20.7 ± 2.1 in the 18-29 year age group to 19.8 ± 2.3 in the ≥80 years age group (Table 2) . This was associated to a small effect size (<0.4). No significant difference was observed between males and females or across geographical regions.
Principal component analysis showed that 11 factors had an eigenvalue above 1, including two factors that had an eigenvalue above 1.9 (Figure 4 ). Most of the other factors had values close to 1.
Validation of the DHSI
Based on the treatment pattern definition of remission and relapse, higher scores of the L-DHSI were associated with greater proportions of episodes with remission (from 5% in the first decile to 78% in the tenth decile). In parallel, we observed lower proportions of episodes with relapse with higher L-DHSI scores (from 39% in the first decile to 4% in the tenth decile) or non-remission (from 57% in the first decile to 18% in the tenth decile) (Figure 3 ).
Validation was also performed using the remission status according to PHQ-9 (Table 3) . A total of 15,392 episodes (5% of all included episodes) had an analysable PHQ-9 score available during follow-up. The proportion of remissions observed according to PHQ-9 increased with increasing deciles of the L-DHSI.
Known group validation was based on the hypothesis that prescription of an antipsychotic or hospitalization indicates a worse depressive state. Comparison of L-DHSI scores among these predefined groups showed significantly lower scores in patients with versus without somatic hospitalization (p<0.001, effect size = 0.67), psychiatric hospitalization (p<0.001, effect size = 0.92) or antipsychotic augmentation (p<0.001, effect size = 1.72) ( Table 4 ).
Reliability
Reliability of the L-DHSI was analyzed using the Cronbach's alpha (or tau-equivalent reliability) ( Table 5 ). The overall Cronbach's alpha was 0.440. Removal of a parameter from the L-DHSI was associated with Cronbach's alphas ranging from 0.367 for 'Increasing number of somatic co-prescriptions' to 0.480 for 'Disappearance of depression diagnosis'.
Usefulness of the parameters initially included in the L-DHSI was further studied using the item-total correlations (Table 5 ). This was an indicator of the 'amount of information' contained in the parameter that is already brought to the L-DHSI by one or several of the other parameters. The value of Spearman's coefficients ranged from −0.533 for 'Increasing number of somatic coprescription' to 0.494 for 'Decreasing number of somatic co-prescription'. 
Correlation between the weighted DHSI and the L-DHSI
Spearman's correlation between the L-DHSI and the weighted DHSI showed high correlation between both indexes (Spearman coefficient 0.790, p<0.001).
Discussion
The weighted DHSI was designed as a reliable and continuous index of the health state of patients with depression. The L-DHSI was built on this original research to create an alternative tool that would be easier to use and to replicate. The L-DHSI was shown to be less sensitive than the weighted DHSI but results showed acceptable reliability with respect to a simplification of the methodology to build this index.
We first developed the DHSI (referred as 'weighted DHSI' in the manuscript) to address the current lack of an indicator that could provide a continuous evaluation L-DHSI scores of the health state of patients with depression from AHDBs [5, 6] . In its initial shape, the DHSI was built with the same parameters as used in the present L-DHSI but these parameters were weighted to quantify the respective impact of each parameter on the depressive health state beyond its polarity. The weighted DHSI proved to be sensitive and robust. However, an important amount of preliminary work to define the weights for each parameter is required and may jeopardize an easy use by other research teams and/or implementation into other AHDBs. In addition, the survey that was conducted in 41 general practitioners and 32 psychiatrists in the UK showed that physicians generally agreed with the selected parameters and their polarity but disagreed with the attributed weights [7] .
To obtain an index that would remain specific and that would keep the overall properties and objective of the weighted DHSI, but that would be easier to implement in different AHDBs, we decided to simplify weighting and apply a binary value (i.e. −1 or +1). This value reflects the positive or negative impact of each parameter on the patient's health state. It was anticipated that such a simplification of the index would be associated with decreased reliability. This was confirmed by low Cronbach's alphas (i.e. <0.5). Reliable Cronbach's alphas are usually expected to be above 0.6. However, high Cronbach's alphas were not expected for the L-DHSI: this index was not built within a usual psychometric paradigm where items would have been purposely built. 'Depression' is a complex concept and the L-DHSI uses existing variables from databases that were selected as they were considered to be indicators of the health state of patients with depression. As indicated by the differences in L-DHSI scores between patients with or without antipsychotic augmentation, any hospitalization or psychiatric hospitalization, the L-DHSI appears specific of the health state of patients with depression. Nevertheless, all the variables included in the L-DHSI are considered to measure very different aspects of the health state related to depression. When performing the PCA, it was found that most of the values were around 1 indicating that the L-DHSI includes different factors that are independent from each other and each representing specific aspects of depression. In addition, the item-total correlations provided results that are consistent with those of Cronbach's alpha. The item-total correlation coefficients were always inferior to 0.5. An index where the item-total correlation coefficients would be close to 1 would indicate that the data contained in the index would be redundant with the data contained in the removed parameter. On the contrary, the low coefficients we observed suggest that the index considers very different aspects of depression. Itemtotal correlations can also help identifying which variable is more specific of depression. Nonetheless, variations in the Cronbach's alpha and item-total correlations depend on the prevalence of the variable. This can explain why variables like suicide attempts, ECT (which are low incidence events, and may further be under-reported in the CPRD where the data is generated in general practitioner practices) show low item-total correlations and low variation of the Cronbach's alpha following their removal from the index. Refined analyse of the usefulness of each variable in the model would require deeper analyses taking prevalence into account.
Qualitative comparisons between the weighted DHSI and the L-DHSI suggest that the latter has a reduced sensitivity to very severe events for patients with depression. For instance, the observed effect size was lower for psychiatric hospitalizations in the L-DHSI than in the weighted DHSI (0.9 vs 1.7). Using equal weights was further associated with a reduction of the range in the L-DHSI, which lowered granularity in the description and classification of patients with depression. However, although the L-DHSI is less sensitive to severe events related to depression than the weighted DHSI, both remain highly correlated. The main advantage of the L-DHSI is that it a faster and simpler implementation into other databases and settings as it only requires the identification of relevant parameters. Because of the linear relationship between the presence of a parameter and the score, it is also easier to interpret. Due to its easy implementation in AHDB, the L-DHSI can be used by pharmacoepidemiology researchers (e.g. by healthcare payers, the pharmaceutical industry or outcomes researchers) as a hypothesis generation tool in context of measuring the effectiveness of antidepressant therapy in patients suffering from depression. The original DHSI [5, 6] which is more complex to implement but also more sensitive than the L-DHSI, could be used to conduct research on outcomes (e.g. comparative effectiveness research) following initial analyses with the L-DHSI.
Limitations of the L-DHSI are inherent to the construction of this type of indexes and are similar to those listed for the original DHSI [5, 6] . The parameters included highly depend on the database. Its implementation into another database would require a similar thorough selection of pertinent parameters. And even in this case results may differ. This could be due to different settings; the data contained in the CPRD are collected among general practitioners. Differences may also relate to the available parameters themselves and their methods of collection.
In conclusion, the L-DHSI is characterised by a good balance between the ability to capture the health state of patients with depression in AHDBs and the usability and reproducibility from a practical perspective. Because of the linear relationship between the presence of a parameter and the score, it is also easier to interpret than the original weighted DHSI. It represents a reliable alternative between the usual binary estimates of the patient's health state and the more complex weighted DHSI.
